The work has approved the methods of partial economic evaluation of lands by the indicators of yield capacity of agricultural crops, payback of expenditures and differential income for a typical agricultural enterprise, located on the territory of the natural-agricultural province of the Western Forest-steppe. The research supplies proposals concerning improvement of the methods of economic evaluation of lands in Ukraine on the example of the indicators of economic evaluation of the land use at the farming enterprise "GREEN GARDEN". The indicators are used for the growing of agricultural crops, planning their yield capacity, comparison of the economic fertility of soils and determination of the economic results of growing agricultural crops under the current production conditions in a defined working area.
Introduction
In Ukraine, there is a growing need for the application of data which characterize the topography of the location, soil quality, suitability of the land for cultivation and gives a comparative evaluation of the land quality according to the materials of economic evaluation of lands, for the analysis of economic activity by the level of the efficiency of growing some agricultural crops. In order to properly carry out crop rotation on a land property or land use, it is necessary to know the content of the land, as well as use the data of a partial economic evaluation of land so as to estimate the suitability of the land for growing different agricultural crops by means of mathematical modeling.
Land-use models demonstrate the relationship between various driving forces of land-use transformation and are increasingly employed in the forecasting of possible future land uses (USTAOGLU et al. 2016) .
Economic land evaluation is a method for predicting of the microeconomic value, obtained from the implementation of a definite system of land use on a definite land area. That forecast is more useful than a purely physical evaluation of land use, since many land use decisions are made on the basis of economic evaluation (Rossiter D., 1995) . Methodological approaches to the economic evaluation of land with the application of mathematical modeling for the determination of the indicators of sustainable land-use development are disclosed in the works of D.J. Panel and N.A. Glenn (PANNELL, GLENN 2000) , C.S. Smith and G.T. McDonald (SMITH, MCDONALD 1998), S. Kalogirou (KALOGIROU 2002) , A.S. Strokov, E.N. Yakubovich and P.V. Krasilnikov (STROKOV, YAKUBOVICH, KRASILNIKOV 2017), and J.T. Corkindale (CORKINDALE 1998) .
The analysis of the economic evaluation of lands in foreign countries reveals that there is no common methodology of carrying it out. For instance, in the USA, the basis of economic evaluation of agricultural lands is agro-climatic estimation, with such criteria as: the structure and size of land use, the location of the farm, the degree of intensification, yield capacity of agricultural crops and production expenditures on different soils, established prices for agricultural products, distance from the land parcel to infrastructure objects and places of their implementation. The main principle of economic evaluation is to determine the degree of impact of some soil differences on the amount of income from growing agricultural crops. The most widely spread method of economic evaluation of agricultural land parcels is to estimate lands according to the net income from the sale of agricultural products as the difference between the value of gross products and production cost per unit of area. The highest net income is calculated according to the 100-grade scale and is compared to the one obtained on worse lands. The economic evaluation of lands is determined by the weighted average, which is the basis for land use and land organization in different states (YUSHKOVA 2014).
In Germany, economic evaluation of lands depicts relative fertility according to economic and organizational production factors and the quality of soils of a land parcel on a 100-grade scale (TRUBINA 2014).
In Great Britain, after the evaluation of lands by natural factors, economic evaluation within the determined classes of lands is carried out according to the degree of productivity. The evaluation is based on the indicator of standard net products. Economic evaluation of lands is calculated by the method of capitalization of the costs of net products according to yield capacity of agricultural crops by comparing yields of some crops under different ways of farming (IVASENKO 2008) .
Methods of economic evaluation of land according to the indicators of economic efficiency, productivity and profitability of land use for the purpose of land-use optimization, are recommended to be applied not only in Ukraine, but also in the neighboring countries of the EU, particularly for implementation of a common agrarian policy concerning increased productivity of land resource use in agriculture. The methodology of supporting investments and methodic approaches to modeling the efficient use of agricultural lands have been studied in the works of Ukrainian and foreign scientists (TEMPLE et al. 2018; DEATON 2018) .
Data and Methods
The methodological basis of economic land valuation is the doctrine of land as the main means of production in agriculture (ZAMULA 2008) . The issue of economic evaluation of land landed on the front burner in the early 60s due to the need to improve agricultural production planning. In 1974 In -1975 , production works concerning the economic evaluation of land were performed on the territory of Ukraine. In 1976, the Ministry of Agriculture of the USSR approved an "All-union methodology of www.degruyter.com/view/j/remav vol. 27, no. 3, 2019 land evaluation (temporary)" (Ministry of …, 1976) . According to the methodology, implementation of land-evaluating works included conducting general and partial economic evaluation of lands with consideration to the efficiency of the main grown agricultural crops. The general economic evaluation of lands was performed according to the indicators of the costs of gross outcome, payback of expenditures and differential income, and the partial -according to yield capacity of crops, cost recovery and differential income (Law of …, 2001) . Today, two basic methods of economic evaluation of land resources exist: rent and cost (TROCHLYUK 2014) .
The method of applying economic land evaluation is disclosed on the example of land use in Ukraine. Yield capacity of each definite agricultural crop in each working area is one of the main indicators of scientific-based planning of agricultural production, which is differentiated with consideration of land quality. The yield capacity is measured by the formula:
where: Yі -is the yield capacity of an agricultural crop on a definite working area of land use; Yaveis the average yield capacity at the enterprise, hwt/ha; Swa -is the weighted average score of soil bonitet in the land-use management; Stj -is the total score of the bonitet of the i agrogroup of soils. Indicators of the expenditure payback period and differential income are measured by the formula:
where: PEa -is payback of expenditures in the working area, hwt/100 UAH of expenditures; Yі -is the yield capacity of an agricultural crop in a definite working area of the land-use management, hwt/ha; E -total expenditures of growing agricultural crops in the land-use management, UAH /ha; DIa -differential income in the working area, €/ha; Pі -sale price for agricultural crops, hwt/ UAH. To calculate the score of a partial economic evaluation of lands in a definite working area, it is necessary to determine their score price according to expenditure and differential income:
where: PSpe -is a price of the score according to payback of expenditures, hwt/100 UAN; PE -is payback of expenditures in the land-use management, hwt/100 UAH; S -is the score of bonitet of a crop in a working area; PSdi -is a price of the score according to the differential income; DI -is the differential income in land-use management, UAH /ha. Score of evaluation of a working area according to the payback of expenditure and differential income:
where: SPEa -is the score of evaluation of a working area according to the payback of expenditures; SDIa -is the score of the evaluation of a working area according to the differential income; PEa -is payback of the expenditures at a working area, hwt/100 UAH of expenditures; PSpe -is a price of the score according to payback of expenditures; DIa -is the differential income at a working area, UAH/ha; PSdi -is a price of the score according to the differential income. The indicators of economic evaluation of lands of the i working area of the land-use management according to the value of gross output (GOi), payback of expenditures (PEi) and differential income (DIi) are measured by the formulas:
where: Аі -is the area of evaluated agrarian groups of soils of the land-use management, ha. The weighted average score of economic evaluation of lands (Swa) according to its indicators in land-use management is calculated by the formula:
where: Si -is the score according to the indicator of economic evaluation of lands for an agrogroup of soils of the land-use management (STUPEN, MYKULA, RADOMSKI 2012; MAHAZYNSHCHYKOV 1991) .
Empirical results
Some of the working areas and crop rotation fields of the farming enterprise "GREEN GARDEN" are the object for the determination of land management optimization according to the indicators of the economic evaluation of lands. The territory of the land-use management is located in the village of Novosilky, Busk district, Lviv region, in the moderate continental climatic zone. According to the data of recordings, the enterprise employs 37.8 ha of arable lands. The cadastral number of the enterprise is 4620684000:08:000:0160 (Fig. 1) . The farming enterprise is located in a natural-agricultural province of the Western Forest-steppe; this determines specialization of its agricultural production and forms of land-use management, which is typical for the mentioned area. According to genetic-morphological specifics and data on soil observations (Cherkasy regional …, 2017) on the studied territory of the enterprise, the following soils were determined:
-33 g -gray podzolic light eroded loamy soils on forest rocks (16.5 ha); -40 g -dark-gray podzolic clay medium washed out light loamy soils on forest rocks (21.3 ha). Each working area of each agro-productive group of soils requires the determination of the indicators of economic evaluation of lands according to their productivity, efficiency of employment and profitability of an area unit (Law of …, 2001). Materials of the economic evaluation of lands do not correspond to actual data according to the results of agricultural production and do not provide a reliable depiction of the current economic conditions of farming activity (KOVALYSHYN, KRYSHENYK, HAVRYSHKIV 2014; KOVALYSHYN, RYZHOK 2017) . The problem of determining differential rent income is complicated by the lack of information on the current values of the required output indicators, in particular through simplification, and often the lack of appropriate accounting and reporting (SMAHA 2016). The reason behind such a result is that the calculations concerning the economic evaluation of lands in 1988 were based on the average data of differential rent income of cereal production to find their weighted average indicator. Consequently, the lack of an objective evaluation of land is one of www.degruyter.com/view/j/remav vol. 27, no. 3, 2019 the reasons behind unsatisfactory usage of agricultural lands, and sometimes non-economic treatment of the land.
It is therefore necessary to calculate new indicators of the partial economic evaluation of land in terms of working areas of land-use management. Considering the fact that the farming enterprise is located in the natural-agricultural province of the Western Forest-steppe, within the territory of Borshchovychi natural-agricultural district, Formula 1 is recommended for the calculation of yield capacity according to the Main Statistical Office in the Lviv region (Main Statistical Office of…, 2017) of such agricultural crops in crop rotation as I -winter wheat, II -sugar beets, III -grain maize, IVbarley, V -winter rye (Table 1) Source: own study.
To calculate the indicators of the partial economic evaluation of land according to the payback of expenditures and differential income, the authors of the article used "The report about the main economic indicators of agricultural enterprise performance in the Lviv region in 2017" (Main department …, 2017). It supplied the value of expenditures connected with growing agricultural crops and the sale price according to the data of online grain stock market of Ukraine "Grain Trade" (Table 2 ) (E-exchange of …, 2017).
Having determined the total expenditures and sale price while growing agricultural crops under the indicators of their average yield capacity in a working area of the enterprise, the researchers calculate the indicators of the payback of expenditures and differential income (Table 3) using Formulas 2 and 3. The calculations are presented in the European currency in conversion to 1 €* = 30.5 UAH. Source: own study.
To calculate the score of a partial economic evaluation of lands on a definite working area (Table 4 ) according to payback of expenditures and differential income, it is necessary to calculate the value of the score using Formulas 3-4, and their evaluation score using Formula 5 and 6.
Table 4
Calculation of the score of a partial economic evaluation of lands according to payback of expenditures and differential income in a work area, 2017 Source: own study.
Differential income is a material basis for differential rent I (according to natural fertility) and II (according to economic fertility). It reveals the total value of the economic efficiency of land employment with consideration of its quality and level of intensity of arable farming at the enterprise. Thus, the calculated indicators of differential income are used by the authors of the article for comparison of the conditions of growing agricultural crops in the working areas of the enterprise. This is done on the basis of additional income from arable farming on better or medium lands as compared to the worse ones, due to more efficient labor productivity.
The saving of expenditures in the form of differential income is used as a criterion of optimization in plan calculations concerning the use of lands of different levels of their use intensity. Optimization of land-use management requires the application of indicators of differential income on better (40 g) and worse soils (33 g), using the matrix game in order to determine the optimal proportion of agricultural crops grown to provide maximum gross income.
The matrix game is a mathematical tool to model an agreement of the sides' interests. The mathematical model, which is called a game, answers the question concerning the necessary changes of the game conditions in order to achieve an efficient result of the new optimal strategy (SHYIAN, 2009) . The strategy of a player is considered an optimal one if it supplies a maximum possible benefit or minimum possible loss after its multiple repetition. The strategy secures the most efficient result under any actions of the opponent and the value of the result is not reduced even under the worst conditions (VASYLIEVA 2015).
The largest differential income (a secured benefit) of the first player A 1 at the worse soils is measured as:
The least differential income (a secured loss) of the second player A 2 at the better soils of the enterprise is calculated as:
where: Хij -is the optimal strategy for the growing of the ij agricultural crop. The authors of the article set out to find an optimal combination of agricultural crops in the structure of a cropping area on better or worse soils; thus one that will result in a maximum differential income under the mixed strategy of the game (Table 5) . Source: own study.
To reach the aim, the authors of the article optimize the objective function V in MS Excel by means of "Search for solution" customization:
Additional unknown variables Pij and restrictions are introduced to get the following figure:
The obtained results demonstrate that, according to the indicators of differential income at the enterprise, it is reasonable to introduce a four-course crop rotation with the average size of a field being 9.45 ha: I -winter wheat; II -sugar beets; III -grain maize; IV -barley.
According to the optimal structure of crop rotation for growing agricultural crops on better and worse soils, materials of the partial economic evaluation of lands, which are obtained under the mixed structure of the game, are used by the authors of the article for calculating the economic efficiency of www.degruyter.com/view/j/remav vol. 27, no. 3, 2019 growing them by Formulas 7-10. This is supplied by the indicators of general economic evaluation of lands at the enterprise (Table 6) . Source: own study.
At the enterprise, the weighted average score constitutes 13 -by payback of expenditures, and 14by differential income. The obtained figures are insufficient. This is caused by a low level of humus in the soil. However, the obtained indices of a partial economic evaluation of land according to the yield capacity of agricultural crops, payback of expenditures and differential income in the absolute and relative values on better and worse soils of the enterprise (Table 6 ) should be applied for planning the cropping area of these crops, their yield capacity, the comparison of soil fertility and measurement of economic results of agricultural production, and the development of a complex of agro-technical measures on a working area of a crop rotation field in order to establish ecologically safe land use.
Discussion and conclusions
The methodical approach to the economic valuation of land can be used for any type of land use. The application of data of a partial economic evaluation of lands to supply sustainable development of land-use management on the example of a farming enterprise in Ukraine will support taking advantage of its productive and social potential, securing the development of rural territories and an increase in agricultural product output with a high added value for the country population. This will supply the Ukrainian market with quality products, facilitate the creation of new job positions in rural territories, and support the development of business entities and the national economy.
Differential income is a quantity characteristic of the relative fertility of lands. Indicators of the differential income are the basis for balancing the economic conditions of farming, organization and planning of agricultural production at the enterprise. The largest figure of the differential income is typical for better lands (40 g) under the growing of barley, i.e. 329 €/ha (score of 31) and winter wheat -305 €/ha (score of 37), with the lowest figure being typical for worse soils (33 g) under the growing of winter rye -146 €/ha (score of 8). On such soil, payback of expenditures constitutes 0.33 hwt/100 €. Their values are taken into consideration for the optimization of land-use management by means of the metrical game. According to the indices of the differentiated approach, the obtained result of the mixed strategy of the game confirms that it is reasonable to introduce a four-field rotation at a farming enterprise with an average field size of 9.45 ha for growing such major agricultural crops as: I -winter wheat; II -sugar beet; III -grain maize; IV -barley, which can be recommended for the production specialization of business entities in the natural-agricultural province of the Western Forest-steppe of Ukraine.
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